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ABSTRACT
Pressed alfalfa juice at pH 8.5 was heated (60°C and centrifuged to 
produce a brown solution. This solution was further heated (80°C) at pH
4.0, centrifuged, and freeze-dried to produce a light tan powder.
Tetrahymena pyriformis W. was used to test quality of cytoplasmic 
and chloroplastic fractions of alfalfa leaf protein concentrate (ALPC). 
Chloroplastic ALPC supported poor cell growth, probably because of high 
concentrations of chlorophyll, fat, and chlorogenic acid to which 
Tetrahymena is reported to be sensitive. Data indicated that 
isoleucine, phenylalanine, threonine and sulfur-containing amino acids 
in cytoplasmic ALPC were higher than those in soybean. Data indicated 
cytoplasmic ALPC to be higher quality protein than soy, and approached 
casein in biological value.
Sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) alfalfa juice protein contained 7 protein subunits. After 
coagulation and freeze- drying, there were six protein bands present. 
Extraction treatment affected the lower molecular weight subunits, in 
that after extraction, they could no longer be detected or 
characterized. Two subunits were nearly constant in proportion and 
molecular weight during processing, perhaps reflecting the theory that 
some water-soluble proteins contain small numbers of hydrophobic groups, 
which contribute resistance to denaturation. Coagulated and freeze- 
dried protein contained new protein subunits, which had not appeared in 
alfalfa juice protein. The presence of this subunit after extraction 
may have been caused by the presence of chromogenic proteins extractable 
only under specific conditions.
Ground beef containing 4 and 15% soy and 4 and 15% leaf, protein
vii
were sensory evaluated. Panelists differentiated between the samples 
when compared to pure beef. Pure beef samples had the highest 
acceptability, followed by samples with 4 and 15% soy protein. Samples 
extended with 15% soy protein were rated about equal to those with 4% 
alfalfa LPC samples. Ground beef with 15% ALPC was less desirable than 
any other treatment, implying limited potential for this type of ALPC as 
an extender in meat products.
viii
INTRODUCTION
Today nearly half of the world's population is suffering from mal­
nutrition (3). The "Third World Food Survey" of the FAO estimated that 
at least 60% of the population in less developed countries receive diets 
inadequate in nutritional quality, and about 20% were calorically 
undernourished (3). An overriding dimension complicating this problem 
is poverty. The poorest 25% of the population In developing countries 
consume diets whose caloric and protein contents are only three-fourths 
or less of the country average, and fall well below calculated require­
ments. Therefore, the most serious aspect of the malnutrition problem is 
protein-calorie malnutrition. It is widespread, and primarily affects 
preschool children (129).
The problem of providing enough food for the malnourished 
population of today becomes more serious when consideration is given to 
changes being observed in our ecosystem. We are referring to the rapid 
increase in population density without a concurrent increase in 
individual wealth, and the accompanying capacity to produce food.
The high price of animal products has led to intensive efforts to 
develop new sources of high quality protein products. Currently, work 
is being conducted in the development of foods from fish meal, single­
cell proteins, and leaf protein concentrates. Soybean protein has 
already emerged as a protein ingredient of recognized significance, 
primarily as an adjunct to (or replacement of) other traditional protein 
foods (for example, as meat extenders or milk substitutes) (71).
Leaf protein is regarded as the largest single potential source of 
protein in the world, and its preparation as a leaf protein concentrate 
(LPC) has been the subject of research since the 1920's. Leaf protein
1
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concentrates can be produced from almost any non-poisonous leafy crop or 
plant by-product. The protein from green leaves generally has excellent 
nutritional quality, but leafy plants may also contain high levels of
fibrous structural material (e.g., lignin and cellulose) which cannot be
digested by non-ruminant animals, including man. Recent technological 
advances, however, have made it possible to separate the protein in a
leaf from accompanying fibrous materials, rendering the protein more
potentially useful to man (82).
Whole green leaf protein concentrates as foods have been un­
acceptable to most people because of their adverse color and flavor 
characteristics. Processes capable of removing objectionable flavor 
from LPC have been reported by Kohler and Knuckles (81). Because of the 
adaptability of alfalfa, along with it's high-yield potential, this crop 
is viewed by many (82) as one of especially great potential for the 
production of LPC. Coupled with a commercial alfalfa-meal operation, 
LPC could be a viable economic competitor for markets which currently 
are being served by protein isolates derived from oilseeds. The
acceptance of such products may increase in time of stress, such as 
famine, war, or crop failure, or in protein deficient areas where it 
might be fed to infants and young children as a dietary supplement.
However, before alfalfa protein concentrate can be incorporated 
into food systems, its physical as well as chemical characteristics must
be firmly established and studied.
Recent interest has focused on the feasibility of extracting and 
separating cytoplasmic and chloroplastic proteins from alfalfa in order 
to improve acceptability. This study was thus designed to investigate 
the biological value of these proteins utilizing the Tetrahymena
3
pyriformis W. assay technique, not previously reported in these 
materials. In addition, studies were undertaken to measure the effects 
of extraction on the electrophoretic behavior of ALPC, and to compare 
the acceptability of the product to soy protein in conventional food 
systems.
LITERATURE REVIEW
The Extraction of Leaf Protein Concentrates
Some of the earliest work on plant proteins was reported in 1733 by 
Rouelle (123). He used hemlock leaves and pounded them with a mortar 
and pestle until he pressed out the juice. Rouelle heated the juice, 
filtered it through a cloth and obtained a green coagulum which was 
later defined as protein.
It was not until the 1920's, however, that research began in 
several laboratories to examine production and properties of leaf 
proteins. Chibnall and Schryver (34) used fresh leaves from several 
different plant species to extract leaf proteins. Osborne and Wakeman 
(108,109) were able to boil alfalfa and spinach in water to obtain leaf 
protein extracts.
Until the outbreak of World War II, proteins from leafy plants were 
considered for use as animal feed rather than as human food. Methods 
for the production of leaf protein concentrate (LPC) have been studied 
for more than 20 years by Pirie and his associates (26,99,111,112,119). 
Their objective, along with many other researchers, (14,28,51,69,73,80, 
82,135,142) during the war and in the years following was to develop 
processes to separate the protein from other leaf components. Their 
purpose was to recover it in forms usable as feeds for poultry and swine 
as well as an ingredient in foods for human use.
Several procedures have been recommended to prepare leaf protein 
concentrate (28,99,73). A combination of pulping and pressing is 
generally recommended to extract the juice from the leaves. The protein 
contained in the whole plant juice can be separated into two fractions.
4
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Approximately one-half of the protein found in the whole plant 
juice consists of "insoluble" colloidally dispersed lipo-proteins 
associated with chloroplasts. The other fraction of protein contained 
in the whole plant juice is soluble and is made up of chlorophyll-free 
proteins (derived from the breakdown of chloroplasts during the 
expression of the plant juice) and what is known as cytoplasmic protein 
(81).
The suspended solids can be removed from the juice by first 
filtering, followed by centrifugation after the juice has been separated 
from the fibrous material. Centrifugation separates chloroplastic 
protein from the cytoplastic fraction. However, the percent of the 
cytoplasmic fraction from the whole plant juice is smaller than that of 
chloroplastic fraction (50,66,140).
Protein in either the green or brown expressed juice can be 
coagulated by aging, adjustment of pH to 3 or 4, application of heat, a 
combination of heat and acid, or by the use of organic solvents 
(28,43-,73,99).
The Pro-Xan process developed at the Western Regional Research 
Laboratory (USDA-SEA) for the production of alfalfa LPC has been used 
for the commercial production of X-Pro, a high xanthophyll product used 
in poultry rations (82). This process named after the 
protein-xanthophyll concentrate produced, involves four steps: (1)
expression of juice, (2) dehydration of the dewatered alfalfa, (3) 
coagulation and separation of the protein and xanthophyll in the juice, 
and (4) drying of coagulum. This Pro-Xan process uses sugar cane rolls 
which mixes and squeezes the material in one step. This process can 
handle up to one-half ton of fresh alfalfa per hour. The best starting
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material for the system is found to be juice, prepared from ammoniated 
freshly chopped alfalfa, with a pH of 8.0 - 8.5. Further work has led 
to the development of the Pro-Xan II process for the production of 
cytoplasmic as well as chloroplastic LPC fractions from alfalfa (15).
Several factors have been observed which can influence the 
extractability of protein from leaves. These include the plant species 
and the stage of maturity and growth (91,95), pH (4,13,56,), the 
presence of phenolic compounds and oxidative enzymes (92), and 
protlfuxytic activity at temperatures greater than 30°C (43,130).
Preservation of Leaf Protein Concentrates
The two most common methods existing for preserving leaf protein 
concentrates after extraction are: (1) preservation as a wet protein 
cake; or (2) preservation by removal of tbe residual water.
Essentially in the first method the final product from the leaf 
protein extraction is a moist, green, high-protein concentrate. It has 
a texture similar to that of cheese. If heat is chosen as the method to 
be used to coagulate the protein from the expressed juice it will cause 
a partial pasteurization of the product. However, if this product is 
not going to be used within a reasonable time, or another method other 
than heat is used to coagulate the protein, one of the other methods 
discussed below should be used as a means of preservation.
The second method (preservation by removal of the residual water) 
can be accomplished either by dehydration, ensiling or sun-curing the 
protein concentrate obtained from the expressed juice. The latter two 
methods are less common, thus only dehydration will be discussed here.
In using any preservation method, care must be taken not to
7
develop a grainy texture in the end product or lower its nutritive 
content.
Archoll (7) has reported that air drying of the concentrate in two 
different stages does not produce a grainy texture. He essentially 
accomplished this by first drying the concentrate to a moisture level 
between 20 and 30 percent. The concentrate was then ground and further 
dried. This produced a product with a good keeping quality which had a 
fine texture.
Singh (129) reported that of the techniques he had studied, which 
included the following: spray and roller-drum drying; drying in a baking 
oven; freeze-drying; flow-through oven drying at 40-60°C and 100°C; and 
drying under a vacuum at 50°C; the best textured product was obtained by 
either freeze-drying the concentrate or roller-drum drying it.
Other researchers (39,46,99) showed that the nutritive value was 
decreased when the product was dried in either a hot air oven or on hot 
rollers. This indicates that lower temperatures would be preferred for 
maintaining nutritive values. However, these same researchers found 
that the lower temperatures produced a grainy texture.
Morrison and Pirie (99) freeze-dried most of their leaf 
concentrates. They found that in order to prevent grainy texture, the 
concentrate had to be rapidly freeze-dried. If it was freeze-dried over 
a period of several hours a gritty texture was produced. A third and 
more recent method for preservation of protein concentrates is 
ultra-filtration (49). The partial dewatering of alfalfa by this 
mechanical means has been found to be better than the traditional 
methods of dehydration, ensiling, and sun-curing. Ultra-filtration is 
accomplished on the basis of molecular size and shape by a pressure
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activated process. It requires no heat and therefore does not cause
thermal denaturation of protein.
This process is especially useful when the desired end product is 
protein for human consumption. Since the white protein has a potential 
as a human supplement, it is desirable to produce it without 
denaturation. In that way it can be easily incorporated into existing 
foods. All other preservation methods require application of heat which 
denatures a part of the white protein product resulting in lowered
quality and reduced recovery (49).
Source of Leaf Protein
Leaf protein concentrates can be produced from almost any non-
poisonous leafy plant crop or plant crop by-product. However, currently
much emphasis is being put on the production of high quality alfalfa 
LPC, mainly because of the high yield of protein from alfalfa crops.
There is a dehydration company which is semi-commercially producing 
LPC from alfalfa in France (59). There are also two pilot plants
operating in England and Hungary which are based on alfalfa as the
source for extracting leaf protein concentrates. In Nigeria and India,
(107) alfalfa has been utilized in children’s foods. Due to the work 
conducted by these plants, most of the problems relating to growing, 
harvesting and handling of alfalfa crops have been investigated.
Studies conducted by Akeson and Stahmann (1) concluded that protein 
concentrates from alfalfa yield more protein per acre than those of seed 
crops. The authors studied 15 crops harvested as seed and compared them 
to 10 common crops harvested as forage. They calculated the essential 
amino acids produced annually per acre for the forage and seed crops,
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respectively. Alfalfa and soybeans showed the highest yields of 
essential amino acids for the two classifications studied. On an annual 
per acre basis, 300 pounds of essential amino acids were obtained from 
alfalfa while only 200 pounds were obtained from soybeans.
Since economics dictate any decision regarding plant source, from 
an essential amino acid production basis, alfalfa seems to be the most 
suitable of common forage crops for use in the production of leaf 
protein concentrates. However, it must be kept in mind that essential 
amino acid yields are not the only factor involved in choosing a plant 
source for the production of leaf protein concentrates.
A proper plant source must be available for harvest throughout at 
least several months of the year. Alfalfa fits this criteria and 
regrows after each cutting. Since alfalfa is a forage crop which can be 
grown in most parts of the world, it appears to be a good choice for 
leaf protein extraction. Although alfalfa meets many criteria to be 
utilized as a source of leaf protein extraction, it should be pointed 
out that moisture content, stage of growth, variety, diseases and many 
other variables can affect it’s processing characteristics (98). 
However some researchers (96,99,102,128,144,148) have stressed the need 
for using plants which are indigenous to the area.
Waste products from various industries could also be used as 
sources for leaf protein concentrates (22,113). This would include 
waste green crops such as sugar beet tops, pea vines, and carrot tops 
which could be utilized in the leaf protein process (106). Oelshlegel 
et al. (106) even suggested using the waste products from leaf protein 
concentrate production. They studied the ensiling of the fibrous residue 
remaining after the expression of juice. Their results showed that
10
the silage was readily accepted by cows. Other researchers suggested 
using the brown liquid after coagulation of the protein as a medium for 
the growth of certain microorganisms (105,115,116).
The Nutritive Composition of Leaf Protein Concentrate
The nutritive value of leaf proteins can vary between species
because of the plant source, age, physiological state, extraction and
precipitation, methods of maceration, post-harvest treatment, number of 
washings of precipitate, methods of drying, dialysis, various methods 
used in analysis and storage conditions (9,10,11,91,94,117,134,139).
Numerous researchers (20,21,36,50,66,72,85,100,104, 137,140,144,
152) have reported values within the following composition of leaf 
protein concentrates: protein 15 to 70%; carbohydrates, 5 to 23%;
lipids, 6 to 30%; fiber, 1 to 20%; and ash, 2 to 23%. Values reported
by Pirie (111) were less variable: protein, 60 to 70%; carbohydrates, 5
to 10%; fiber, less than 2%; ash, less than 3%; acid insoluble ash, less 
than 1%; and water soluble compounds, less than 1%. Total lipid 
composition of LPC's can range anywhere from 5 to 30%, while the most 
common range reported throughout the literature is between 10 and 20%
Gerloff at al. (60) found that LPC preparations had an average 
protein content of 58%, with a range of 31.5 to 83.5%. These data 
indicated that there was not a large variation in amino acid content of 
the protein, suggesting that a fairly uniform amino acid composition 
might be extracted from a wide variety of leaves.
Gerloff £t al, (60) also reported that from a dry weight 
standpoint, fertilization, species, maturity and variety had relatively 
little effect on protein content. On the other hand, they noted
11
considerable differences in protein content due to the condition of the 
crop, subsequent processing, and extraction procedures.
The Western Regional Research Laboratory (USDA-SEA) analysis of the 
ALPC produced by their Pro-Xan II process showed that the cytoplasmic 
fraction was higher in protein than that of the chloroplastic fraction. 
The cytoplasmic composition was: crude protein, 88.7 to 100%; lipids, 
0.4 to 1.7%; and fiber, 0 to 9.3%. In comparison, the chloroplastic 
fractions contained: crude protein, 44.2 to 53%; lipids, 13 to 14.5%; 
ash 10.6 to 18.4%; fiber, 2.3 to 4.4%; and N-free extract, 12.8 to 21.5% 
(15,36,50,81).
It has been reported that the amino acid composition of leaf 
protein concentrate (LPC) is as good or better than that of many common 
foodstuffs (60). Some researchers (23,25,26,39,40,41,51) have found the 
nutritive value of LPC to be comparatively low. This has recently been 
attributed to improper processing of the LPC, thus causing a reduced 
protein quality.
Table 1 contains the amino acid composition of alfalfa LPC. The 
recommendation of the FAO/WHO is included for comparison. Taking into 
account that methionine is low, all other essential amino acids are 
present in sufficient quantities to constitute a protein of relatively 
good nutritive value.
Duckworth and Woodham (46), Duckworth al. (41), and Waterlow 
(148), showed that LPC prepared under various conditions produced 
protein of equal or better quality than that of soybean meal, milk, and 
fish meal.
Akeson and Stahmann (1), reported that the estimated nutritive
12
Table 1. AMINO ACID COMPOSITION OF ALFALFA LPC
Adult
Cytoplasmic ALPC amino acid
scores
Amino Acid Pro-Xan Pro-Xan II -HSO^ HSO^
---------------  g/16gN --------------
Cysteine 1.16 1.00 1.44 1.68 -
Isoleucine 4.94 6.19 5.46 5.28 4.0
Leucine 8.19 10.26 9.37 9.42 7.0
Lysine 6.18 5.88 6,54 6.43 5.5
Methionine 2.09 2.16 2.27 2.65 3.5
Phenylaline 5.25 6.62 6.25 6.36 6.0
Threonine 4.81 4.71 5.76 5.70 4.0
Tryptophan 1.38 0.96 2.40 2.45 1.0
Tyrosine 4.09 4.54 5.43 5.63 -
Valine 6.25 6.99 7.19 6.91 5.0
 ̂ 1000 ppm S0„ in the form of sodium metabisulfite was sprayed on the 
fresh alfalfa prior to juice expression.
 ̂Recommendation of FAO/WHO (1973).
3 Methionine & cysteine.
4 Phenylalanine & tyrosine.
a) Add up the essential amino acids, + cysteine and tyrosine.
b) Calculate the percentage contributions of the potentially 
limiting amino acids to this total.
c) Compare those percentage with the corresponding ones for the 
reference pattern.
SOURCE: Adapted from Bicoff et al. (1975) by Kohler et al. (1978).
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values of leaf proteins were in general lower than the values of egg and 
egg white, but higher than beef, casein, soybean, yeast, zeln, gelatin, 
gluten, and wheat flour. The values for leaf proteins were 
approximately equivalent to those of whole milk and lactalbumin.
Wang and Kinsella (146) found that the methionine content of 
alfalfa leaf protein concentrates was higher than that of other leaf 
protein preparations. Smith et al. (133) and Kohler and Palter (83) 
have shown several factors which affect the amino acid composition of 
ALP's. Jennings (75) reported that 60% of the methionine was destroyed 
when acid hydrolysis was used to precipitate the protein. If oxidation 
was allowed to occur prior to the analysis, this minimized the loss of 
methionine during subsequent hydrolysis.
The usefulness of supplementing human diets with ALP has been 
demonstrated (44,128,140,148,150). When compared to the FAO Reference 
Protein for supplementing other foods, the amino acid profile of ALP 
compares well with many animal proteins. It's use in foods which are 
low in lysine and threonine would seem especially beneficial.
Methods of Evaluation of the Protein Quality of LPC's: Tetrahymena
pyriformis Assay
During the last two decades, Tetrahymena pyriformis W. (TpW) has 
gained popularity and acceptance among food scientists and nutritionists 
as an alternative method to determine the nutritive value of proteins 
(17,42,57,62).
An inexpensive and rapid method to determine protein quality is 
needed. Ideally, such methodology would not only provide infomation on 
a single ingredient or overall product quality, but also on the effects 
of various processing operations on quality. This is especially so
14
where highly refined proteins, reducing sugars, and newer processing 
techniques are in use.
Nutritional labeling requirements, the effects of processing on the
nutritive quality of proteins, and the concern for nutrient retention
1
during storage have created a need for a faster more economical means of 
protein evaluation than the official biological assay for Protein 
Efficiency Ratio (6), Also, plant breeders concerned with genetic 
improvement of protein quality, have a need for a rapid, simple, and 
inexpensive test which requires only a few grams of material. Evancho 
et al. (52) reported that Tetrahymena pyriformis W. assay could be 
adapted to provide such a rapid, low cost assay for the estimation of 
protein quality of commercially prepared foods.
The efficiency with which a protein is utilized for growth and 
maintenance depends upon its amino acid balance and availability. The 
nutritive value of proteins of human interest have traditionally been 
assessed by biological evaluation using weanling rats (6).
Tetrahymena pyriformis W. is a ciliated protozoan. This protozoan 
has strong proteolytic enzymes and an absolute requirement for the 
same amino acids required by higher animals (78). Fernell and Rosen 
(55) reported that the Relative Nutritive Values (RNV) was in general 
agreement with chemical scores and in better agreement with rat PER's 
for protein materials compared. According to many investigators, since 
this protozoan has amino acid requirements similar to those of humans, 
this microorganism has a potential value as a routine assay for protein 
quality (68,76,78,97,122,136,147).
The advantages of using Tetrahymena pyriformis are as follows: the
analysis can be done on intact proteins; the procedure is relatively
15
simple and is applicable to a large number of samples; a small amount of 
materials are needed; and the assay is sensitive to the effects of heat 
damage to proteins (141).
The most common method to measure TpW growth is by direct 
microscopic count (DMC). This method is quite tedious. Another, more 
rapid and sophisticated method involves the electronic Coulter Counter. 
Unfortunately, in this procedure it is sometimes difficult to 
differentiate TpW cells from those of food particles. Another method 
for determining growth of T. pyriformis was reported by Stott et̂  al. 
(136). Organisms were counted in a single-cell hemocytometer with Fuchs 
Rosenthal ruling to BS748. Wang et_ al. (147) described three other
techniques to measure T. pyriformis growth. They include tetrazolium 
dye reduction (TPTZ), oxygen uptake (O^-UT), and ATP bioluminesence 
(ATP-Biol). The relative nutritive value (RNV) measured by TpW growth 
correlated very well with rat PER (8,147). The authors also felt that 
TPTZ, ATP-biol and (^-UT could replace the time-consuming DMC in 
measuring TpW growth for protein quality.
High concentrations of chlorophyll seem to have an inhibitory 
effect on T. pyriformis growth (20). Kidder and Dewey (78) have shown 
that several unsaturated fatty acids inhibit Tetrahymena growth. Such 
early investigators of this organism as Boyne et al. (18), Fernell, and 
Rosen (55) routinely fat-extracted all test samples prior to Tetrahymena 
assay. Tolerance of this protozoan to exogenous lipid as well as to the 
presence of high concentrations of such pigments as chlorophyll has not 
been reported in the literature.
Smith and Pena (132) used T. pyriformis W. to test the quality of 
protein concentrates from chonopodium leaves (LPC) in the unprocessed,
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frozen, freeze-dried, decolorized and oven dried states. All 
unsupplemented LPC's supported poor growth except for the decolorized 
concentrates, when nitrogenous casein was used as a reference standard. 
Supplementation with methionine to a level equivalent to casein improved 
growth significantly, as did combined methionine and lysine 
supplementation. It appeared that LPC under suitable conditions of 
preparation and supplementation could improve cereal-based diets to the 
same degree as an equivalent amount of protein from casein.
Stott et̂  al. (136) used ]T. pyriformis to determine the nutritive 
value of 93 protein foodstuffs. The assays illustrated a wide variation 
in individual types, especially with fish meal and meat meals. Glucose 
was found to be a more suitable energy source than starch. T_. 
pyriformis assays graded egg as the best protein source, with casein 
next, followed by soybean, fish and meat meals of approximately equal 
value. Stott et̂  al. (136) felt it was significant that some animal 
protein sources were inferior to the worst vegetable concentrates.
Animal Feeding Studies
Numerous animal feeding studies have been conducted with leaf 
protein concentrates (29,31,33,47,60,74,87,101,120,138,149).
Alfalfa LPC was used by Subba jjt al. (140) as a supplement to wheat 
diets for growing rats. The addition of LPC to wheat diets was found to 
increase the PER value from 1.72 to 3.03. Diets consisted of wheat and 
LPC in proportions of 50:50 and 40:60, respectively. These authors 
found when LPC was fed alone as the protein source, it's PER was only
2.0, Their study clearly indicated the advantages of combining protein 
sources to improve the nutritional quality of wheat based diets. Goel
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et al. (61) showed LPC supplementation to improve the nutritional 
quality of wheat-based diets for rats.
Subba Rau et al. (140) also found in other nutritional studies 
conducted on weanling rats, that whole LPC extract (spray dried) was 
inferior to coagulated leaf protein, and that chloroplastic fractions 
were nutritionally inferior to the cytoplasmic fraction.
Henry and Ford (66) reported that the cytoplasmic fraction of rape 
had higher biological values than the chloroplastic fraction. The 
biological value of the cytoplasmic fraction was found to be close to 
that of casein.
Subba Rau at al. (137) in another study determined the rat Protein 
Efficiency Ratios (PERs) of LPCs from 19 different plant species. The 
biological values of LPCs from 14 of these plants ranged from 38.1 to 
83.7 (with a mean of 69). These biological values are similar to those 
of legumes (65).
Howe at al̂ . (72) evaluated the long term effect of LPC diets on rat 
body composition, growth, and reproduction. They designed a six-month 
feeding trial which consisted of alfalfa LPC (with 0.3% methionine 
supplement) at 10, 20 and 30% protein levels. Body composition for the 
male rats had less ash (24%), less fat (49%), less total dry matter 
(15%) and more protein (13%) than controls. Reproduction among the LPC 
rats showed no abnormalities.
Osborne and Wakeman (109) found that rats grew well when fed a 
protein residue extracted from spinach leaves. Other researchers (140) 
fed rats dried whole juice pressed from leaves as a defibered protein 
source. The rats had poor growth response, especially when compared to 
the growth of rats fed dried protein coagulum.
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Cowlishaw at al_. (40) reported that unwashed leaf protein 
concentrate produced greater growth in chicks when it was freeze-dried 
than when it was spray-dried. If the freshly coagulated protein was 
washed with boiling water, however, the nutritive value was greatly 
enchanced (41).
Several researchers (40,41,120) have reported that when alfalfa LPC 
was fed to chicks their growth was depressed. They attributed this 
growth depression to the saponin content of the alfalfa. However, 
Kuzmeky at al. (85) observed good chick growth with alfalfa LPC (Pro 
Xan) supplements up to 20%.
Oke (103) found that rabbit growth improved when fed 10 and 20% LPC 
supplements to their barley-based diets. When alfalfa Pro-Xan was 
combined with soybean meal, growth approached an optimum ratio of 1:3 
(148).
Weanling pigs grew from 35 to 100 pounds when fed diets of 
wheat-leaf protein concentrate. They had higher feed efficiency than 
pigs fed a fish meal-fortified diet (47). Hughes and Eyles (74) found 
that laying hens produced equally as well on leaf protein concentrate 
fortified rations as those fed a fishmeal supplemented diet.
Human Studies
Humans studies conducted to determine the nutritional value of leaf 
protein concentrate have produced very favorable results.
Olatunbosum at al. (107) utilized a diet consisting of maize LPC as 
the protein supplement to treat children recovering from kwashiorkor in 
Nigeria. After ten days his patients showed an increased appetite and 
mental alertness, while their-diarrhea and edema decreased.
19
Waterlow (148) used LPC to treat malnourished Jamaican children. 
The diet consisted of one part LPC and one part milk. The children 
responded very well to this treatment and babies had no objection to the 
formula’s color or taste.
In another study, Doraiswany eh al. (44) found that children 
ranging in ages from 6 to 12 years, grew better on a ragi diet 
supplemented with leaf protein concentrate than on one supplemented with 
sesame flour. Furthermore, lysine fortification of a ragi diet increased 
its nutritive value more than did sesame flour but less than leaf 
protein concentrate.
The Chemical Nature of Leaf Protein Concentrates
Alfalfa contains saponins which have been reported to cause growth 
depression in animals, especially in growing chicks. It has been
reported that 1% cholesterol eliminated this growth depressant effect. 
The mechanism for this was thought to be that cholesterol combined with 
the saponins and thus hindered their absorption (39).
Cheeke (30) suggested that saponins inhibited digestive enzymes and 
therefore decreased the digestibiility of alfalfa LPC. This work also 
indicated that this growth depression could be the effect of saponins on 
cellular enzymes. He demonstrated this in vitro with the inhibition of 
succinate oxidase (32).
Tannins can react with plant proteins rendering them insoluble and 
indigestible. Tannin reactions which can reduce protein disgestibility 
are caused mainly by long holding times and high heat used in processing 
(2). When the plant material is undergoing extraction, the endogenous 
phenols oxidize to quinones, brown pigment, and condensed tannins. The
20
thiol group of cysteine and the amino group of lysine react with 
o-quinones thus rendering these two amino acids unavailable. Bicoff 
et al. (15) reported that the formation of quinones can be decreased by 
the addition of sodium metablsulfite to the chopped alfalfa prior to 
pressing. The addition of sodium metabisulfite increased the
nutritional value of the cytoplasmic LPC and also protein digestibility.
Chlorogenic acid, when bound to leaf protein, is of nutritional 
significance since it affects the rate of enzymatic digestion of the 
protein. Also, it has been found to create problems of off-coloration 
in foods which contain sunflower meal. It caused off-coloration in foods 
using leaf protein concentrate as an ingredient (58).
Lu and Kinsella (94) reported the solubility properties of two
dehydrated alfalfa meals. Kohler and Potter (83) found that a soluble 
protein ^fraction was obtained from chloroplast-free alfalfa juice 
(prepared by centrifugation of flash-heated whole juice) by 
precipitation at pH 3.5. and 2°C. To retain solubility, it was
necessary to maintain this temperature during washing at pH 3.5 and
redissolving at pH 7. Acid precipitation at higher temperatures yielded 
protein with reduced solubility. When freeze-dried, the protein could 
be redissolved at room temperature, even after storage for several 
months at ambient temperatures.
Free and Satterlee (58) reported seven protein fractions observed 
to be present in alfalfa juice. The majority of these proteins were 
found to be water-soluble. They observed five isoelectric points and 
four of these were in the acidic range. The quality and quantity of 
alfalfa protein concentrate recovered were enhanced by the addition of 
either ascorbic acid or sodium sulfite during chopping. The
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combination of both heat and acid during precipitation was more 
efficient than heat alone in the recovery of APC from centrifuged 
juice.
Sathe and Salunkhe (124) reported on the protein content of Great 
Northern dry beans. The isoelectric pH of the NaCl extractable protein 
was about 4.4. Several salts, NaOH, and HCL were employed to 
solubilize the Great Northern bean proteins. Among all the protein 
solubilizing agents, Na^CO^, I^SO^, sodium dodecyl sulfate (SDS), and 
NaOH at respective concentrations of 0,5%, 5%, 5% and 0.2 N were found 
to be better protein solubilizers than the rest, solubilizing 93.6 g of 
Lowry protein per 100 g of Kjeldahl protein.
Hood (69) studied the fraction I protein of alfalfa protein 
isolate. They found that it was a multi-species interacting protein 
system of relatively large particle weight. It possessed solubility 
characteristics similar to casein.
Brown and Wright (19) reported that tea polyphenols greatly reduced 
the electrophoretic behavior of milk proteins. Tucker and Fairbrothers 
(143) studied 17 reagents and their effectiveness in preventing the 
interference of these polyphenols. 8-mercaptoethanol was found to be 
the most effective. It allowed the formulation of distinct disc 
electrophoretic bands. Lerch and Stegemann (90) found that L-cysteine, 
salicylic acid, D-ribose, fructose, mannitol, L-sorbose, sorbitol and 
catechol can complex with borate ions to create band spreading and 
bending disc electrophoresis. Polyclar AT, the in soluble form of 
polyvinylpyrrolidone, was found by Loomis and Battaile (92) to be very 
selective in precipitating polyphenols.
There are a number of plant leaf proteins which have been separated
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by disc electrophoresis. Disc eletrophoresis was used by Faw (54) to 
monitor changes in protein content when he studied cold hardiness and 
growth of alfalfa. Wrigley et̂  al̂ . (152) was able to separate the 
protein in wheat leaf into 15-18 bands. Van Loon and Van Kammen (145) 
worked with the extracted soluble proteins in tobacco leaves. When they 
were electrophoresed on polyacrylamide gels there were about 30 protein 
zones. Raeuson and Chalvanico (121) also used a modified disc 
electrophoresis to separate the proteins found in bean leaf.
Ion exchange columns are another method that has been used to 
separate protein fractions. Schanefeit (125) used DEAE-cellulose column 
to fractionate expressed juice from alfalfa. He used a 0.005M phosphate 
3M urea buffer at pH 7.0. The trypsin inhibitor of alfalfa meal was 
identified and purified by Chien and Mitchell (35), using a 
DEAE-cellulose column and a pH 3.0 buffer.
Starch gel electrophoresis is still another method which has been 
used to fractionate leaf proteins. Kleczkowska (79) was able to use 
vertical potato-starch gels to separate extracts from meadow grass, 
alfalfa, and clover. There were a total of 16 fractions that were 
separated from the alfalfa extract, twelve of these migrated towards the 
anode. They used a 0.025 M boric acid: 1 M triethylamine buffer at pH 
8.0.
Leaf Protein Concentrates as an Ingredient in Food Formulations
Vegetable proteins have been used as food in various forms for 
several generations. However, only during the past few years have 
consumers and industry been keenly interested in such foods. This 
growing interest and awareness has caused producers, advertisers, and
23
consumers to closely evaluate the factors and considerations related to 
marketing and consumer acceptance of these products.
Leaf protein concentrates have proven useful in supplementing human 
diets, mainly as a supplement in milk formulations, ragi flour, and as a 
dried green powder added to local recipes in India (91,92,93,94,95). 
Kanalanathan and Dewades (77) conducted a survey of 100 middle income 
families in India to determine the cooking qualities and acceptability 
of foods fortified with leaf protein concentrate. They concluded (77) 
that leaf protein concentrate should be incorporated into highly spiced 
and flavored foods. This conclusion was further substantiated by Oke 
(103) in studies on the incorporation of curry cubes of LPC into yam 
flour.
Provided that economics involved in the production of a food-grade 
alfalfa protein isolate are favorable, the potential of incorporating 
this protein material into existing formulations is considerable. 
Unfortunately, not much is known about the functional properties of 
alfalfa leaf protein concentrate when incorporated into existing food 
formulations. Soybean is che most widely researched and, not 
surprisingly, the most widely used of all vegetable proteins. Soybeans 
are being used in many foods products, e.g., meat, poultry, dairy, 
bakery, etc. The largest food usage of soy flour in the U.S. is in 
bakery products (71).
The primary merit of ALPC as with most other novel foods, is that 
it could be made at the village level in less developed countries, 
where the need for improved nutrition is greatest. Additional research 
on alfalfa leaf protein is needed to develop improved methods for 
protein extraction to develop refining procedures for removing
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undesirable colors and flavors that are compatible with retention of 
reasonable functional properties} to establish nutritive value and 
safety, and to develop and demonstrate acceptable product applications.
MATERIALS AND METHODS
Sampling
Alfalfa used in this study was grown at the Red River Valley 
Experiment Station, Bossier City, Louisiana, and was harvested May 8, 
1980. Immediately upon arrival at the Food Science Building, it was 
stored at -2Q°C, until processed.
Protein Extraction
After thawing at room temperature, and stripping the leaves from 
the stems, the alfalfa was washed with tap water. An equal amount of 
water was added and the pH was adjusted to 8.5 with IN NaOH, then the 
treated leaves were pressed in an hydraulic press at 15 tons/sq M 
pressure. To separate the green plant juice from the fiber residue, the 
pressed juices were combined and held in an ice-water bath until all of 
the alfalfa leaves had been pressed. At this time, the total volume of 
the juice was centrifuged to prevent the residue from entering the 
pressed juice. The centrifuged juice was placed in an Erlenmeyer flask 
(100 ml), and then placed in a water bath at a temperature of 60°C for 
20 seconds. In this heat treatment, the protein in the green 
chloroplast fragment was partially coagulated while the soluble proteins 
remained in true solution. The coagulated protein was separated from 
the dilute solubles by centrifuging at 10,000 RPM for 1 hour.
The soluble proteins in the supernatant were coagulated by heating 
the solution to 80°C at pH 4.0 for 2 minutes. The precipitated protein 
was washed with distilled water 3 times to remove soluble impurities, 
and the protein was then freeze-dried to a tan powder, and stored at 
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The nitrogen content of test materials was determined by the AOAC 
semi-automated micro-kjeldahl method (6), with the factor of 6.25 being 
used to convert nitrogen to protein.
Moisture Determination
The moisture content of test materials was determined by the 
official AOAC vacuum-oven method (6) for cereal foods.
Fat Determination
Fat was determined by the official AOAC Goldfish method (6).
Amino Acid Analysis
Samples between 0.04 and 0.05 g were mixed with 5.0 ml of HCL in
hydrolysis tubes and frozen in an acetone dry-ice slurry. The tubes
were sealed after applying vacuum. The samples were hydrolyzed in an
oven at 110°C for 22 hours. Following hydrolysis, the samples were
filtered with #40 Whatman filter paper into 250 ml round bottom
distillation flasks containing 40 ml of acidulated distilled water (20
ml HCl/liter). The content was concentrated to one or two ml volume
under reduced pressure in a water bath maintained at 55°C.
The residue was diluted to 25 ml volume with sodium citrate buffer
at a pH of 2.2. The contents were filtered through a 0.22 micrometer
filter (Millipore Corp., Bedford, MA) before analysis. Amino acid
analysis was then performed with 0.2 ml sample using a Beckman Amino
Acid Analyzer (Model 116).
Protein Solubilization
Nitrogen solubility profiles (pH 3,5,7,9) were determined by 
Betschart and Kinsvella's (9) method, 100 mg of ALPC and 9 ml of
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solution (made up of 0.01M sodium phosphate buffer, 1% SDS and 1%
(3-mercaptoethanol) were added to a 50 ml centrifuge tube, and the sample 
was dispersed with a spatula. The pH was adjusted to 3.0, 5.0, 7.0 and 
9.0 with either 0.1N NaOH or HC1. Samples were shaken for 1 hour at 
room temperature on an Evapo-Mix Shaker (Buchler Instruments, Fort Lee, 
N.J.). Since some pH drift occurred, the pH was checked every 15
minutes and re-adjusted when necessary. After one hour, the total
volume was brought to 20 ml with distilled water to give a 1% (M/V) 
protein concentration. Samples were then centrifuged at 5,000 RPM for 
20 minutes. The supernatant was decanted through filter paper and
nitrogen determined by semi-automated micro-kjeldahl on a 5 ml aliquot.
% Nitrogen Solubilized Nitrogen in aliquot X 2 * 100
Nitrogen in 100 mg ALPC
Relative Nutritive Value (%RNV) Determination
The RNV of alfalfa protein was determined using the microbiological 
assay method as described by Stott et al. (136).
A protozoan, Tetrahymena pyriformis W (ATCC 10542, TpW), was used 
as the assay organism and casein (Hammerstent, United States Biochemical 
Corporation, Cleveland, OH 44128) was used as a reference protein,
TpW was maintained in a medium composed of 5.0 g proteose, 5.0 g
tryptone, 0.2 g of potassium dibasic phosphate (K^HPO^) and 15 g of agar 
dissolved in one liter of distilled water. The pH of the liquid was 
adjusted to 7.2 before autoclaving. Ten ml portions of the medium were 
dispersed into screw-top test tubes and the tubes were placed in a
tilted position to prepare slants. To transfer the culture, about 5 ml
of sterile TpW broth (same as above medium except the agar was omitted) 
was introduced aseptically into the slants and four drops of culture
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were transferred from the stock solution. After inoculation, the tubes 
were incubated, with caps loosened, for about three days at room 
temperature in an inclined position at about 15° for maximum growth. 
Stock cultures were transferred at two week intervals to insure that the 
culture's growth was actively maintained.
Suspensions of test material were prepared to give a N content of 3 
mg/ml and the pH was adjusted to 8.2 with IN NaOH. Composition of the 
stock solution for minerals, vitamins and nucleotides are shown in 
Appendix 1.
A total volume of 10 ml of medium in screw-top test tubes {20 x 150 
mm) was composed of the following: 2 ml of nucleotide solution (E), 4 
ml protein suspension, and 2 ml of distilled water. The assay tubes 
were autoclaved along with 15% glucose (N/V) and vitamin solution (A) at 
121°C for 10 minutes. One ml of each was added aseptlcally to each tube 
after cooling. The tubes were inoculated with three drops of a 3 day 
broth culture of TpW and incubated at room temperature for 4 days. The 
caps of the tubes were loosened and the tubes were inclined at 15° for 
rapid growth (Figure 2 & 3).
Measuring the Growth of TpW
After 4 days incubation, the culture tubes were shaken on a Vortex
Genie Binrator (Matheson Scientific) for 30 seconds. One ml of well
shaken test culture was pipetted into 1 ml of preserving fluid {36%
formaldehyde). TpW cells were counted in a double-cell Lumicyte
Hemacytometer. One drop of the suspension was used to fill each of the
2two cells of the hemacytometer and the cell count in eight alternate mm
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FIGURE 3 PROCEDURE FOR RNV DETERMINATION
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organisms/ml. The RNV was calculated according to the following formula 
( 122) .
Log (count for test protein) - Log (count for inoculum) x 100 
%RNV = ----------------------- - ----------------------------
Log (count for casein) - Log (count for inoculum)
Electrophoresis of the Protein (Moleuclar Weight Determination)
The nature of protein fractions in ALPC samples was investigated 
using sodium dodecyl sulfate (SDS) gel electrophoresis (149). Details 
of reagent preparation are presented in Appendix 2.
The SDS gel was prepared by mixing 15 ml of freshly prepared 
ammonium persulfate solution, and 0.045 ml of N,N,N',N'-Tetramethylethy- 
lenedlamine. This solution was for a typical run of 12 gels. The gel 
solution was transferred with a Pasteur pipette into electorphoresis 
glass tubes in which one end had been wrapped with parafilm. The tubes 
were filled carefully without trapping'air to within 2 cm from the top. 
Before the gel hardened, 100 yl of deionized water was carefully 
overlayed on top of the gel solution being sure that the meniscus 
between the gel solution and overlay remained well defined. The tubes 
were covered with parafilm and held refrigerated overnight prior to 
electrophoresis,
Preparation of Protein Solution
Protein samples with concentrations of 0.05- 1.0 mg per ml were 
incubated at 37°C for 2 hours in 0.01 M sodium phosphate buffer, pH 7.0, 
1% SDS and 1% (3-mercaptoethanol, After incubation, the protein 




For each gel tube 50 ul of the protein solution was mixed in small 
vials (5 ml) with 3 yl of tracking dye, 5 ul of B-mercaptoethanol, and 
one drop of glycerol. Glycerol was applied with the aid of a special 
dropper and functioned to increase the density of samples.
Electrophoretic Separation
Proteins were separated in an eighteen tube capacity Bio-Rad 
elecrophoresis unit, Model 155, equipped with a Buchler 3-150 V power 
supply.
The gel tubes were marked and set on the system. Both chambers of 
the electrophoresis apparatus were filled with gel buffer and dilluted 
1:1 with water. The electrophoresis sample mixture was layered on top 
of the gel tube through the buffer using a graduated 2,500 ul teflon 
syringe. The electrophoresis unit performed at a constant current of 5 
milliaraps per tube with the positive electrode in the lower chamber. 
After the tracking dye had traveled to about 1 cm short of the bottom 
tip, the system was disconnected and the gels removed from the tubes by 
squirting water from a syringe between the gel and the glass wall. The 
gels were placed in culture tubes, filled with staining solution, 
tightly capped and left for 24 hours at room temperature. The gels were 
removed from the staining solution and placed in a destaining solution. 
The gels were destained in a 40°C water bath. For the first 24 hours 
destaining solution was changed two or three times per hour. 
Destaining was continued the second day at room temperature, by changing 
the solution periodically until bands were visualized and the gel became 
clear. Gels were then stored in 7.5% acetic acid solution until they 
were quantified. The molecular weight and intensity of the bands
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obtained were determined for each protein by running two tubes 
containing a known electrophoresis standard (Sigma Chemicals, St. 
Louis, MO. ) from which a standard curve of the relative mobility, 
molecular weight and intensity of the proteins was established (Appendix 
3). Following complete destaining, the total length of the gel was 
measured. The distance from the top of the gel to the center of each 
band was measured. Relative mobilities of the protein fractions were 
calculated using the following formula.
distance traveled by protein fraction 
Relative Mobility distance traveled by tracking dye
length before staining
length after staining 
Molecular weights were calibrated from standard curves using Rf values 
of standard proteins (Appendix 3).
Bands were quantified using photodensitometry (149). The gels were 
scanned at 590 nm with a scan length of 125 on the visible analysis mode 
of the instrument. Optical density and autogain ratios were 0 and 80 
respectively. A 0.2 mm vertical slit width was interposed between the 
glass tube and the photometer. Gels were held in place during
photodensitometry by supporting them in 15 cm long glass tubes
containing freshly made storage solution (7.5% acetic acid).
Evaluation of Meat Loaves Containing Soy and Alfalfa Leaf Protein
ALPC and soy protein concentrates were hydrated at least 20 minutes 
according to the manufacture’s suggestion for their particular product 
with tap water. The proportion of water was 3:1 for both ALPC and SPC.
The ground beef test samples were formulated with hydrated protein as
shown in Appendix 4.
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Each lot of the hydrated meat protein combination was mixed by 
hand, sealed and frozen at -20°C. As needed, frozen loaves were thawed 
at room temperature and cooked in a conventional oven at 190°F at a 
constant time (10 minutes) for each loaf. The meat loaves were removed 
from the oven, placed on a plate, and served to each panelist for 
evaluation. Panelists evaluated each sample for flavor, aroma, 
appearance, texture, juiciness and overall acceptability.
Sensory Evaluation
A sensory panel of eight staff members and graduate students of the 
Food Science Department were trained for one week to evaluate the 
samples for flavor, aroma, texture, juiciness and overall acceptability. 
The factors were defined and discussed until uniform scoring of the 
standard was obtained. Sensory evaluations were done on the same day as 
the preparation of the samples to assure uniform freshness. Sensory 




The proximate analysis of chloroplastic and cytoplasmic ALPC is
shown in Table 2.
The composition of chloroplastic and cytoplasmic fractions for 
crude protein, fat, and crude fiber compare well with values reported by
Kohler and Knuckles (81). They found that crude protein of the
chloroplastic fraction was 61.9%; fat 8.9%; and crude fiber 1.7%. For 
the cytoplasmic fraction they reported crude protein as 88.7%; fat, 
8.6%; and crude fiber 0.1%. Overall, the proximate analysis for the 
chloroplastic fraction fell within the range reported by other 
researchers (15,36,50,81). The Western Regional Research Center
(USDA-SEA) reported protein values of the cytoplasmic fraction to range 
from 88.7 to 100%. This investigation showed a slightly lower value 
which can be attributed to differences in initial preparation of the raw 
material and extraction methods.
The chloroplastic fraction contained considerably more fat than the 
cytoplasmic fraction, attributable to the presence of colloidally 
dispersed "insoluble" lipoproteins which are associated with the 
chloroplasts (81).
The amino acid profile for both the chloroplastic and cytoplastic 
fractions of alfalfa LPC are shown in Table 3. The amino acid profiles 
were not significantly different from one another.
Table 4 illustrates the chemical scores for the cytoplasmic protein 
of alfalfa LPC. The cytoplasmic protein was compared to the FAO/WHO 
standard, whole egg, casein, ground beef and soybean. Based on amino 
acid scoring, sulfur-containing residues and lysine were the first and
36
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Table 2. Proximate Analysis of Chloroplastic and Cytoplasmic Fractions 
of ALPC
Chloroplastic Fraction Cytoplasmic Fraction
% %
Crude Protein 61.60 84.30
Fat 8.90 0.10




Table 3. Amino Acid Composition of Chloroplastic and Cytoplasmic 
Fractions of ALPC




Aspartic Acid 9.86 10.20
Cysteine 1.00 1.80


























e f g h
Lysine 5.5 6.4 8.0 6.46 8.4 6.95 89 >100 87 90 68
Trypthophane 1.0 1.2 1.3 1.43 1.1 1.90 >100 >100 >100 >100 >100
Threonine 4.0 5.0 4.3 4.27 4.0 6.00 >100 >100 >100 >100 >100
Methionine & 
Cysteine 3.5 5.5 3.5 2.07 3.0 3.40 68 61 98 >100 95
Valine 5.0 7.4 7.4 5.03 5.7 6.49 92 87 89 >100 95
Isoleucine 4.0 6.6 6.6 4.27 5.1 5.49 96 83 85 >100 91
Leucine 7.0 8.8 10.0 8.2 8.4 9.43 95 >100 97 92 94
Tyrosine & 
Phenylalanine 6.0 10.1 11.2 9.1 7.2 11.39 >100 >100 >100 >100 >100
Add essential Amino acids + cystein and Tyrosine
1 Calculate the percentage contributions of the 
potentially limiting amino acids to this total
2 Compare these percentages with the corresponding 
ones for the reference pattern
Cytoplasmic ALPC compared to FAO/WHO reference 
 ̂Cytoplasmic ALPC compared to whole egg reference 
Cytoplasmic ALPC compared to casein 
^ Cytoplasmic ALPC compared to soy protein 
Cytoplasmic ALPC compared to ground beef
Adapted from references 27,53, 120




second limiting amino acids in cytoplasmic ALPC. As presented in Table 
4, cytoplasmic ALPC was somewhat deficient in valine, isoleucine, and 
leucine when compared to whole egg, beef, and casien protein.
Cytoplasmic ALPC is higher in all essential amino acids, except 
lysine and leucine, when compared to soybean protein. Also, it supplied 
more trypthophan, threonine, and phenylalanine, than the FAO/WHO 
reference, casein, ground beef, or whole egg proteins.
Relative Nutritive Value
The use of the protozoan Tetrahymena pyriformis for protein quality 
evaluation relies on its mammalian like requirements for essential amino 
acids and the possession of enzyme systems somewhat comparable to those 
found in higher animals (78). The amino acids that are necessary for 
human growth are phenylalanine, methionine, isoleucine, threonine, 
leucine, lysine, valine, tryptophan, arginine, and histidine (78). 
Tetrahymena pyriformis also possesses a strong proteolytic enzyme 
system, utilizes intact protein, and is sensitive to the effect of heat 
damage to proteins (64). The quantitative requirements of Tetrahymena 
pyriformis for their essential amino acids are shown in Table 5.
Evaluation of protein quality using Tetrahymena pyriformis bioassay 
is based on the calculation of the Relative Nutritive Value or RNV. The 
efficiency with which a protein is utilized for growth and maintenance 
depends on its amino acid balance and availability. The RNV is an 
indication of the amino acid balance and is the ratio for cell density 
in the test sample medium to cell density in the reference protein 
(casein), multiplied by 100. The Tetrahymena pyriformis PER can be 
calculated by using the regression equation PER 0.286 + 0.022 (RNV).
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Amino Acid Solution According to Kidder and Dewey (78).
The correlation coefficient reported by Evancho eit al. (52) between RNV 
and PER was 0.90 (P < 0.01). Table 6 shows the range and mean for the 
organism/ml in duplicate samples in 19 assays for cytoplasmic ALPC, 12 
assays for soybean protein, 7 assays for chloroplastic ALPC and 19 
assays for casein which served as a reference protein respectively.
The RNV of cytoplasmic, chloroplastic and soybean protein is 
presented in Table 7. The reference protein casein had a PER of 2.5. 
The calculated Tetrahymena pyriformis W. PER for soybean protein was 
2.16, for chloroplastic ALPC, 1.17 and, cytoplasmic ALPC was 2.42. The 
PER for cytoplasmic ALPC was significantly higher (P < 0.05) than that
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Table 6. Cell Density of Tetrahymena pyriformis in Casein, Soy Protein, 
Cytoplasmic and Chloroplastic Fractions of A1PC




SOY 12 22-38 30
CYTOPLASMIC ALPC 19 44-53 49
CHLOROPLASTIC ALPC 7 4-6 5
CASEIN 19 47-62 53
of soybean protein and the chloroplastic fraction, and very close to the
PER of casein.
Tetrahymena's quantitative requirements for isoleucine, leucine, 
phenylalanine and sulfur-containing amino acids are in reasonable 
agreement with human requirements for these amino acids. Requirements 
for trypthophan and valine are considerably less than human requirements, 
while the organism has comparatively greater requirements for threonine 
(122).
Chemical scores indicated that isoleucine, phenylalanine and total 
sulfur containing amino acids in cytoplasmic ALPC were higher than those 
for soybean, with the exception of leucine. Isoleucine, leucine and 
sulfur-containing amino acids were slightly lower than casein, except 
for phenylalanine. Threonine was higher in cytoplasmic ALPC than in 
either soybean protein or casein. This observation supports the 
results of the cell density, RNV and PER calculated in this study, and 
indicated that the cytoplasmic fraction of ALPC was a high quality
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TABLE 7. Relative Nutritive Values (RNV) and Tetrahymena PER of Soy 
Protein, Cytoplasmic ALPC and Chloroplastic ALPC
PROTEIN N RNV *C. PER
SOY 12 85.25 2.16
CYTOPLASMIC 19 97.39 2.42
CHLOROPLASTIC 7 40.37 1.17
* C. PER = 0.286 + 0.022 (RNV)
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protein. It also is in agreement with the work of Kohler and Knuckles 
(81) who reported cytoplasmic ALPC to have similar nutritional quality 
to that of casein.
The growth of Tetrahymena pyriformis in the chloroplastic fraction 
of ALPC was considerably less than in the cytoplasmic fraction. High 
concentrations of chlorophyll seems to have an effect on T_. pyriformis 
growth (78), The chloroplastic fraction, as mentioned earlier, has a 
high fat content. Kidder and Dewey (78) have shown that several 
unsaturated fatty acids inhibit Tetrahymena growth. Smith and Pena 
(132) measured protein quality of chenopodium leaves using Tetrahymena 
pyriformis assay and reported relatively low protein qualities. It is 
well known that chloroplastic ALPC contains chlorogenic acid, which 
caused small reductions in protein quality as measured by rats (141), 
but a large reduction in protein quality as measured by Tetrahymena 
pyriformis (18), which is unable to utilize proteins, peptides and amino 
acids containing chlorogenic acid.
Solubilization of ALPC
Before any type of fractionation of ALPC could be accomplished, it 
was necessary to find a suitable method by which most of the protein in 
ALPC could be solubilized. Selection of a suitable solvent was 
necessary prior to further investigation of its nature.
The solubilization of protein is a function of several parameters, 
including the type of protein, protein to solvent ratio, particle size, 
temperature and length of time of extraction, pH, ionic strength, type 
of solubilizer and others. Lu and Kinsella (94) reported that the 
extractability and properties of protein in dehydrated alfalfa protein 
meals prepared at two different temperatures depended upon time, pH,
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Table 8. ALPC Solubilized at Different pH's in the Presence of Q.01M 
Sodium Phosphate, 1% B-Mercaptoethanol and 1% SDS

























FIGURE 4 PERCENT ALPC SOLUBILIZED AS A FUNCTION OF pH IN A 0.01M 
SODIUM PHOSPHATE BUFFER SOLUTION CONTAINING SDS (1%) AND 
B-MERCAPTOETHANOL (1%)
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temperature of extraction, solvent to meal ratio, and buffer used.
The amount of ALPC solubilized at each pH, in the presence 
of 0.01 M sodium phosphate buffer, 1% (3-mercaptoethanol and 1% SDS are 
shown in Table 8 and Figure 4. The greatest degree of solubilization 
was obtained at pH 7.0 (88.85%), and minimum solubilization occurred at 
pH 3.0 (53.8%). The pH which dissolved the greatest amount of ALPC was 
used for gel electrophoresis and fractionation of ALPC.
Electrophoretic Behavior of ALPC
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) and photodensitometry of proteins have been found to be 
extremely reliable techniques for the separation, detection and 
characterization of proteins. The reliability of these techniques lie 
primarily on their high degree of reproducibility (127). SDS-PAGE was 
the method used in this study to evaluate the protein subunits found in 
alfalfa protein before and after extraction and processing. Protein 
subunits were separated in SDS-PAGE solution on the basis of their 
molecualr weight (127). SDS-protein complexes travel in acrylamide gel 
at rates which are proportional to their molecular weights. Molecular 
weight determinations are based on this principle. Molecules are 
negatively charged because the specific charge pattern of individual 
proteins is completely changed when bound to SDS anions (149). It was 
contended by Weber and Osborn (149) that the sieving effect of the 
acrylamide is what facilitates this separation.
Molecular weight values of SDS-PAGE resolved proteins were obtained 
by plotting standard proteins with known molecular weights against their 
relative mobility. This is illustrated in Appendix 3.
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Figure 5 illustrates typical electrophoresis data of proteins in 
alfalfa compared to that of the standard protein used in this study, and 
alfalfa proteins before and after processing.
As shown in Figure 5 and Tables 9 and 10, seven bands were 
characterized on the gel to which a sample of alfalfa juice was added. 
These subunits ranged in molecular weight from 10,000 to 84,000. The 
major subunit had a molecular weight of 77,000 and constituted 60% of 
the total bands in this fraction. The second one had a molecular weight
of 63,000 and comprised 20% of the total bands.
After coagulation of the protein, there were six bands present 
which ranged in molecular weight from 44,000 to 84,000. The 
freeze-dried samples also had six bands which ranged in molecular weight 
from 44,000 to 84,000. Photodensitometric scans of the gels revealed an 
absorbance peak for all subunits. Photodensitometric profiles of 
alfalfa proteins are illustrated in Figures 6-9. Analysis of the
profiles indicated that quantitative changes were occurring in alfalfa 
protein during the extraction' process.
Tables 9 and 10 show the concentration and relative percent of each 
protein subunit. The seven bands present in the alfalfa 
juice sample represented approximately 15g total protein.
Approximately 4.2% of this total protein had a molecular weight around 
10,000 and 4.0% had a molecular weight approximating 32,000 These 
two subunits were the fastest migratory (0.62, 0.81 R^) proteins and 
possessed the lowest molecular weight (10,000 and 32,000) with the 
greatest instability. After processing, these proteins could not be 
detected or characterized. This implied that processing caused serious 
destruction of the low molecular weight proteins in alfalfa. These
Juice C oagu la te  Freeze-dried STD. 
protein protein protein
FIGURE 5 ELECTROPHDRKDOGRAMS OF PROTEINS IN ALFALFA BEFORE 
AND AFTER EXTRACTION
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TABLE 9. Relative Percent and Concentration of Alfalfa Juice Protein 
Subunits Using SDS-PAGE and Photodensitometry
BAND M.W. % CONCENTRATION
mg
1 84,000 3.66 0.6
2 77,000 60.0 9.0
3 63,000 20.3 3.1
4 53,000 3.6 0.54
5 47,000 7.9 1.23
6 32,000 3.4 0.61
7 10,000 0.4 0.63
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Table 10. Relative Percent and Concentration of Protein Subunits in 
Alfalfa Before and After Freeze-Drying
Concentration 
% mg
Band M.W. _______________________  ________________________
Coagulate Freeze-Dried Coagulate Freeze-dried
1 84,000 3.48 4.78 0.53 0.71
2 81,000 26.52 24.94 4.00 2.13
3 70,000 16.29 16.01 2.44 2.26
4 63,000 20.94 23.01 2.66 3.75
5 52,000 16.70 15.18 2.50 3.74
6 44,000 16.60 16.12 2.44 2.07
-Z* L A  I V __________ 2=1__ r ______
10000 92000 4700096000 63000 77000 64000 M-W.
ALFALFA J U I C E .
FIGURE 6 PHGTODENSITOMETRIC TRACING OF ALFALFA JUICE PROTEIN
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i
M.W.10000 52000 4700056000 63000 77000
ALFALFA JU I C E
44000 52000 63000 70000 61000 64000 M.W.
COAGULATE PR O T E IN
FIGURE 7 COMPARISON OF FBOTODENSITCMETRIC TRACING OF ALFALFA JUICE
PROTEIN AND ALFALFA PROTEIN CONCENTRATE BEFORE FREEZE-DRYING
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-A LA / V/----------
•0000 32000 * 470006800063000 77000 M.W.84000
ALFALFA JU IC E
44000 52000 63000 70000 81000 84000 M.W.
F R E E Z E - D R I E D  P R O T E IN
FIGURE 8 COMPARISON OF PHDTODENSITQMETRIC TRACING OF ALFALFA JUICE PROTEIN 
AND ALFALFA PROTEIN CONCENTRATE AFTER FREEZE-DRYING
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44000 52000 63000 70000 81000 84000 M.W.
COAGULATE P R O TEIN
44000 52000 63000 70000 81000 84000 M W .
F R E E Z E - D R I E D  P R O T E IN
FIGURE 9 COMPARISON OF PHOTODENSITOMETRIC TRACING OF ALFALFA PROTEIN 
CONCENTRATE BEFORE AND AFTER FREEZE-DRYING
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quantitative changes noted by the number of bands present is supported 
by the work of Seki (126) who found that lower molecular weight proteins 
of fish were the most susceptible to heat denaturation.
It was reported by Laakkonen et̂  al_. (86) that the slowest moving 
fractions of bovine water-soluble proteins were those most affected by 
heat processing. This was not found to be completely true in the case 
of alfalfa protein, which implied that some of these bands were not 
susceptible to heat damage during extraction. Bands with molecular 
weights of 84,000 and 63,000, were almost constant in their proportions 
after processing. The bands with molecular weights of 10,000 and 32,000 
were the most labile. However, there appeared to have been a partial 
degradation of the band with a molecular weight of 77,000.
As stated earlier, the only subunits that were not affected by the 
coagulation and freeze-drying process were fractions with molecular 
weights 84,000 and 63,000. They were found in all three treatments. 
They were fairly constant in their proportions, which showed resistance 
to denaturation during processing. This might be explained by the 
theory suggested by Bligh and Dyer (16). These authors believed that 
some water-soluble proteins contain small numbers of hydrophobic groups, 
the presence of which contribute resistance to denaturation. The 
electrophoretic pattern in the extraction of alfalfa protein supports 
the theory that fast migratory proteins have high hydrophilic 
tendencies, therefore, concomitant low thermal stability(38). However, 
in alfalfa protein, one band which had a molecular weight of 77,000 was 
denatured and its concentration decreased after processing. Reduction 
in the concentration of this band could possibly be explained by the 
hydrolysis of the peptide chains which resulted in denaturation.
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In the coagulation and freeze-drying treatments there was a new 
band with a molecular weight of 81,000, This was not seen in the 
alfalfa juice protein. As a result, some speculation arose in an effort 
to explain this new band. The presence of this band after processing 
might be related to its chromogenic proteins (37). Several reports in 
the literature (37) implied that chromogenic proteins are components of 
the water-soluble fraction, and these are extractable only under 
specific conditions (93). At high temperatures, the ionic conditions of 
the tissue are such that the extraction of chromogenic proteins is 
greatly enhanced. Dyer and Kingle (48) concluded that pH is one of the 
factors which affect the extractability of some proteins. However, no 
record was found in the literature of the pH at which chromogenic 
proteins become extractable, but they were observed in this study to be 
extractable at a pH of 4.0. Another possible explanation for the 
presence of this band could be a result of a hydrolytic process which is 
followed by polymerization of the hydrolysis products with some of the 
already existing higher molecular weight bands (4).
It was also noted that some bands showed an increase in their 
concentrations after extraction and freeze-drying. These increases, 
especially in bands 5 and 6 with molecular weights of 44,000 and 52,000, 
could be caused by the disassociation of the protein helix during 
processing. This could have caused a change in the migration 
characteristics of the proteins. It could have caused the proteins to 
unfold, which would have caused them to migrate more slowly. On the 
densitometric scan this would have given the appearance of proteins with 
higher concentrations.
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Sensory evaluation of extended ground beef
Flavor; Pure beef samples had the highest average rating, followed by 
beef extended with 4% soy protein (Table 11). No differences were noted 
in flavor acceptability due to extention with 15% soy or 4% alfalfa 
protein. Flavor acceptability decreased when beef was extended with 15% 
alfalfa protein, being significantly lower than other extended samples. 
Some panelists described a "grassy" flavor in samples containing 15% 
ALPC.
Odor: 4% soy protein did not affect odor acceptability. Pure beef and
beef extended with 4% soy protein had the highest average acceptability 
rating for odor. Beef containing 15% soy and 4% ALPC were similar in 
odor and did not differ significantly (P < 0.05). Results indicated a 
definite negative effect in odor at the 15% ALPC substitution level. 
Lower odor acceptability was recorded for all samples containing 15% 
ALPC (Table 11).
Color: Results of color ratings showed that pure beef and those
supplemented with 4 and 15% soy and 4% ALPC were similar and had a 
higher degree of acceptability than those extended with 15% ALPC, as 
shown in Table 11. Acceptability of color for extended beef with 15% 
ALPC was significantly lower compared to other treatments.
Tenderness: Extending beef with soy and ALPC did not adversely affect
tenderness. Samples with 15% soy, followed by pure beef and those 
containing 4% soy had the highest tenderness acceptability (Table 11). 
All samples were judged acceptable in tenderness, and did not differ 
significantly among themselves (P < 0.05). Probably the initial
hydration (3 water: 1 protein) prevented the system from binding
additional moisture, and may have contributed to reduced shrinkage.
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Juiciness: Pure beef and beef extended with 4% soy protein seemed
juicier than those containing 4 and 15% ALPC, but the differences were
not significantly different (P<0.05). Samples containing 15% soy
protein had the lowest juiciness acceptability, and were significantly 
different (P<0.05), when compared to other beef extended samples 
(Table 11).
Appearance: Data from the appearance acceptability study showed that
pure beef and that extended with 4% soy and alfalfa protein were similar 
and had a higher degree of acceptability than that supplemented with 15% 
soy protein, but the differences were not significantly different
(P<0.05). Appearance acceptability ratings generally were lower for 
samples containing 15% ALPC (Table 11).
Overall Acceptability: Pure beef samples had the highest overall
acceptability rating, followed by beef supplemented with 4% soy protein. 
No differences in overall acceptability due to 4% ALPC or 15% soy
protein were found among these treatments. Overall acceptability 
ratings were decreased as beef was extended with 15% ALPC and the lowest 
overall acceptability was recorded for all samples containing 15% ALPC 
(Table 11).
TABLE 11 SENSORY EVALUATION OF GROUND BEEF EXTENDED WITH SOY AND ALFALFA LEAF PROTEIN *
FOOD PRODUCTS FLAVOR ODOR COLOR TENDERNESS JUICINESS APPEARANCE OVERALL ACCEPTABILITY 
GROUND BEEF &
4%
SOY PROTEIN 4.63* 5.48 5. 64c 4.58£ 3.45 ab 5.32 ab 4.77
15%
SOY PROTEIN 3.63 4.77 5.16c 4.67' 2.80 4.67 3.87
4%
ALPC 3.60 4.45 5.54' 4.51' 3.29 cb 5.25 ab 3.83
15%
ALPC 1.90 2.93 3.70 4.48' 3.06 cb 3.61 2.22
PURE BEEF 5.86' 5.67 5.74' 4.61' 4.00' 5.71' 5.74'
Values Within a Column Followed by the Same Letter or Letters Were not Significantly Different 
(P < 0.05) as Determined by Duncan's Multiple Range Test.
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SUMMARY AND CONCLUSIONS
Protein rich juice was extracted from alfalfa leaves by means of an 
hydraulic press. The juice was heated (60°C) at pH 8.5, and centrifuged 
to produce a clear brown solution. The pH of this solution was adjusted 
to 4.0 and after heating{80°C) and centrifuging, the extracted protein 
was freeze-dried to a light tan powder. The proximate analysis of 
cytoplasmic and chloroplastic fractions compared well with values 
reported by other workers. The amino acid profiles for these two 
fractions were not significantly different from one another, and based 
on chemical scoring, sulfur-containing residues and lysine were judged 
the limiting amino acids in cytoplasmic ALPC.
Previously reported studies dealing with the biological value of 
alfalfa protein have been limited primarily to traditional rat PER 
determinations. Because it had not been previouly reported and because 
of its adapatability to small sample size, Tetrahymena pyriformis W. was 
chosen to assess protein quality in two fractions of ALPC. The 
calculated PER for soybean protein was 2.16, for chloroplastic ALPC
1.12, and cytoplasmic ALPC 2.42. The PER for cytoplasmic ALPC was 
significantly higher (P < 0.05) than those of soybean protein and the 
chloroplastic fractions, and approached casein in biological value. The 
growth of Tetrahymena pyriformis W. in the chloroplastic fraction of 
ALPC was considerably less than in the cytoplasmic fraction. High 
concentrations of chlorophyll, fat and bound chlorogenic acid seemed to 
have an adverse effect on Tetrahymena growth.
The greatest degree of solubilzation was obtained at pH 7.0 while, 
minimum solubilization occurred at pH 3.0 in the presence of 0.01M 
sodium phosphate buffer, 1% 3-mercaptoethanol and 1% SDS. The pH which
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dissolved the greatest amount of ALPC was used for fractionation and for 
electrophoresis sample preparation.
Alfalfa juice, coagulate, and freeze-dried ALPC were fractionated 
on SDS-PAGE. Seven bands were characterized in alfalfa juice. After 
coagulation and freeze-drying, there were six bands present. Extraction 
treatments affected the fastest moving, or lowest molecular weight 
fractions. Subunits with 10,000, and 32,000 MW could not be detected or 
characterized following extraction. This implied that extraction caused 
serious destruction of the lower molecular weight proteins in alfalfa. 
Bands with molecular weights of 63,000 and 84,000 were found in all 
three treatments. They were fairly constant in their proportions and 
molecular weight. This might be explained by the theory that some 
water-soluble proteins contain small numbers of hydrophobic groups, the 
presence of which contribute resistance to denaturation. In the
coagulation and freeze-drying treatment, a band with a molecular weight 
of 81,000 was observed which was not seen in the alfalfa juice. The 
presence of this band, after processing might, be related to its
chromogenic proteins, which are extractable under different conditions.
Sensory evaluation of ground beef extended with soy and alfalfa
protein indicated that panelists differentiated between the samples when 
compared to pure beef. Pure beef samples had the highest acceptability 
in relation to flavor and odor, followed by samples with 4% soy protein. 
Samples containing 15% soy protein were rated about equal to 4% ALPC 
for all sensory characteristics. Tenderness did not differ 
significantly among treatments. Beef samples extended with 15% ALPC 
were generally less desirable than other samples tested. Also 
acceptability was rated significantly lower for flavor, odor and overall
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acceptability.
Results have shown that alfalfa leaf protein concentrate has a 
nutritional value higher than soy and approaches casein in biological 
value. The amino acid profiles of ALPC indicated that this protein was 
fairly well balanced except for methionine. ALPC might be successfully 
used at the village level in less developed countries where the need for 
improved nutrition is greatest. However, before ALPC can be 
commercially incorporated into food systems, additional research is 
needed to improve methods of protein extraction, concentrating on the 
removal of underslrable flavor as well as odor.
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Composition of Stock Solution E
(mg/200 ml sol. E)
The appropriate weights of the components 
listed below are disssolved in approx. 10 
ml of distilled water, 1 ml stock solution 
B,C,D added and the whole made up to 20 ml
Guanylic acid (sodium salt) 15





2 liter SDS gel buffer: Exactly 7.8 g NaH^O^ . H20,38.6 g Na2HP04 .
7H20 (Matheson-Coleman & Bell, Norwood, Ohio, and 2 g sodium 
dodecyl sulfate (Eastman Kodak Co., Rochester, N.Y.) were 
dissolved in 1 liters of deionized water.
Acrylamide-bis acrylamide solutions: This solution was made from 0.5 g
fresh N-N'-methylene-bis-acrylamide and 22.2 g fresh acrylamide 
(Eastman Kodak Co., Rochester, N.Y.) were dissolved in enough H20 
and made up to 100 ml with deionized H20.
Ammonium persulfate solutions: The solution was prepared by dissolving
15 mg Ammonium persulfate (Eastman Kodak Co., Rochester, N.Y.) per 
ml of deionized H20.
TEMED (N,N,N,N-tetramethylethylenediamine) and 8 -Mercaptoethanol
(Eastman
Kodak Co., Rchester, N.Y.).
10% SDS solution: One gram SDS in 9.0 ml of deionized H20.
Tracking dye: the dye was prepared from 0.3 mg bromophenol blue
(Matheson Coleman & Bell, Norwood, Ohio) dissolved in 5.0 ml
deionized H20 and then mixed with 5.0 ml glycerol (Merck, & Co.,
Rahway, N.J.).
Staining dye: The dye solution was prepared by dissolving 120 mg
Coomassie blue (Eastman Kodak Co., Rochester, N.Y.) in 125 ml 
isopropanol (Mallickrodt Chemical Works, St. Louis, MO.). Then 50 
ml of glacial acetic acid and 325 ml H20 were added.
Destaining solution: Prepared by mixing isopropanol, glacial acetic
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Formulation of Beef Loaves with Cytoplasmic Alfalfa and Soybean Protein
Ingredients No. I1 No.2b No.3a No .4b No.5°
(g)
(g) (g) (g) (g) (g)
Beef 454 454 454, 454 454
Soybean Protein 18.16 68.10 0 0 0
Alfalfa Protein 0 0 18.16 68.10 0
Water 54 204 54 204 0
a: contains 4% plant protein
b: contains 15% protein
c: pure beef, used as a reference
Appendix 5: Sensory Evaluation Form Used for Beef Loaves Containing
Cytoplasmic Alfalfa and Soybean Protein
FLAVOR TENDERNESS (Texture)
1. Extremely Unacceptable 1. Extremely Tough
2. Very Unacceptable 2. Very Tough
3. Moderately Unacceptable 3. Moderately Touch
4. Slightly Unacceptable 4. Slightly Tender
5. Slight Acceptable 5. Moderately Tender
6 . Moderately Acceptable 6. Very Tender












































APPENDIX 5 (cont'd) 
NAME: DATE:

















APPENDIX 5 SCORE SHEET FOR SENSORY EVALUATION 
OF BEEF LOAVES
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